Abstract-This paper investigates the efficiency of Indian banks enlisted in Bombay Stock Exchange. We applied Data Envelopment Analysis (DEA), to estimate the efficiency of the Indian banks using publicly available financial data of various different parameters related to the financial health of Indian banks. The efficiency of each company in comparison with other companies of the banking sector is estimated. We applied super efficiency model to measure the most efficient bank over a certain time horizon among all the banks. Bank efficiency scores derived using the DEA contributes significant information towards identifying the scope for improvement. 
I. INTRODUCTION
Banks are the principal source of financial intermediation. It plays a key role in a country's economic development and growth. In addition to their large financial significance, the prevalence of a very competitive market structure necessitates the importance of evaluating the banks' performance to find scope for improvement. Another very important use of such analysis is to evaluate the effectiveness of fund allocation and rearranging business in comparison with the leaders in the business. It is very challenging to select a suitable methodology. Historically, the banks have been trying to improve on their efficiency, but absence of suitable measure of efficiency worked as constraints. It should highlight the extent of inefficiency with considerations of internal and external environmental impacts and provide management the tool to monitor efficiency in comparative terms.
The events of the worldwide financial meltdown in [2008] [2009] have resulted stringent efficiency measurement requirements. Moreover, operational issues and policies are scrutinized more stringently in an attempt to prevent another series of problems.
Despite the importance of the Indian banking sector to the domestic, regional, and international economies, there are only a few microeconomic studies performed in this area of research. This study thus attempts to fill a demanding gap by providing the most recent evidence on the performance of the Indian banking sector. Unlike the previous studies on banks' efficiency, the present study attempts to examine the efficiency of the Indian banking sector by using the Data Envelopment Analysis (DEA), [1] first proposed by Charnes et al. (1985) . We believe that it is more appropriate to investigate the efficiency of the Indian banking sector by using the DEA method [2] because the method provides a greater degree of freedom to the sample (Reisman, 2003) and the greater degree of freedom could provide better explanatory power. The present study contributes to the existing literature in at least two important ways. First, Constant Return to Scale (CRS) and Variable Return to Scale (VRS) models look into the scale efficiency and technical efficiency of BSE enlisted Banks. Second, the study attempt to examine the Super Efficiency among Indian banks with regard to the Indian banking sector.
II. LITERATURE REVIEW
Before the introduction of DEA, various approaches for measurement of efficiency were typically limited to the methods like ratio analysis. Prevalence of unlimited number of ratios some time made this confusing and contradictory. The limitations of ratio analysis have led to the development of more advance efficiency measurement tools. In the past three decades, five popular frontier efficiency approaches have been used in bank efficiency measurements; three of them are Parametric Econometric Approaches: Stochastic Frontier Approach (SFA), Thick Frontier Approach (TFA), and Distribution Free Approach (DFA). The other two are nonparametric linear programming approaches: Data Envelopment Analysis (DEA) and Free Disposal Hull (FDH). These approaches primarily differ in the assumptions imposed on the specifications of the efficient frontier, the existence of random error, and the distribution of the inefficiencies and random error [3] (Bauer 1990; Berger and Humphrey 1997) . Econometric analyses require a prior specification of the form of the production function and typically include two error components: an error term that captures inefficiency and a random error. While Lecture Notes on Information Theory Vol. 2, No. 3, September 2014 mathematical, nonparametric methods require few assumptions when specifying the best-practice frontier, they generally do not account for random errors. [4] Some researchers (such as Ferrier and Lovell 1990; [5] Resti 1997; [6] Bauer et al. 1998 [7] Weill 2004) have comparatively studied the consistency and robustness of the estimations generated by the various frontier techniques.
[8] Sherman and Gold (1985) started the first significant DEA bank analysis paper and it was the beginning of a long list of DEA applications to banking from several different angles. [6] , [9] The studies on bank efficiency are fast growing, but the vast majority of studies cover the U.S. and other developed countries (Berger et al. 1993; Berger and Humphrey, 1997 
III. RESEARCH METHODOLOGY
In this paper, we investigated the Efficiency and the Super Efficiency of Indian Banking Companies. Publicly available financial data of various parameters related to the financial health of these companies are collected. The Constant Return to Scale (CRS) and Variable Return to Scale (VRS) models of DEA were employed to estimate the technical efficiency and scale efficiency of BSE enlisted Banks (for which data was available for the period under consideration). Then Super Efficiency Model was applied to find the most efficient bank. This gives us a clear idea regarding performance of different banks over the stipulated time horizon.
IV. DATA ENVELOPMENT ANALYSIS (DEA)
DEA is a 'data-oriented' approach for evaluating the performance of a set of peer entities called DecisionMaking Units (DMUs). These DMUs convert multiple inputs into multiple outputs. The phrase DMUs can also include nonmarket agencies like schools, hospitals, and courts, as well as market agencies. The efficiency of a DMU can be rated as 1 on the basis of available evidence if the comparative performance of that DMU with other DMUs does not show that some of its inputs can be reduced further without reducing some of its inputs. When a DMU under evaluation is not included in the reference set of the envelopment models, the resulting DEA model is called Super-Efficiency DEA model. [10] Charnes, Haag, Jaska and Semple (1992) used a Super Efficiency model to study the sensitivity of the efficiency classifications. [11] Zhu (1996) , Seiford and Zhu (1998) developed a number of new Super Efficiency models to determine the efficiency stability regions. Also, the Super-Efficiency DEA Models can be used in detecting influential observations (Wilson, 1995) and in identifying the extreme efficient DMUs (Thrall, 1996) . Seiford and Zhu (1999) studied the infeasibility of various superefficiency models developed from the envelopment models.
The input-oriented measure of technical efficiency of any firm under VRS requires the solution of the following LP problem due to Banker, Charnes, Cooper, 1978: Min θ Subject to where w j is the weight of the jth DMU, x i j is value of the i th input variables for j th DMU, y r j is value of the r th output variables for j th DMU and x i t is the value of i th input variable for t th DMU. Number of inputs is m, number of outputs is s and number of DMU is n. Here value of θ signifies the efficiency of t th DMU.
V. TECHNICAL AND SCALE EFFICIENCIES
Given the fact that firms are assigned different efficiencies in case of CRS and VRS assumptions, we can distinguish two different kinds of efficiencies namely Technical and Scale Efficiencies.
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The CRS model estimates the gross efficiency of a DMU. This efficiency comprises technical efficiency and scale efficiency. Technical efficiency describes the efficiency in converting inputs to outputs, while scale efficiency recognizes that economy of scale cannot be attained at all scales of production, and that there is one most productive scale size, where the scale efficiency is maximum at 100 per cent.
The VRS model takes into account the variation of efficiency with respect to the scale of operation, and hence measures pure Technical Efficiency. In other words, scale efficiency of a DMU can be computed as the ratio of its CRS efficiency to its VRS efficiency. Hence Scale Efficiency can measure whether a DMU operates in the most productive scale size.
Productivity and technical efficiency are two closely related but different measures of performance of a firm. They are equivalent only when the technology exhibits constant returns to scale (CRS). The basic DEA model formulated by CCR for measurement of technical efficiency of individual firms under CRS using observed input-output quantity data. A simple transformation of the variables reduces the CCR ratio model involving a linear fractional functional programming into an equivalent Liner Programming problem. The CRS assumption is relaxed when the VRS model applicable to technologies with variable returns to scale. The maximum average productivity attained at the most productive scale size (MPSS) is compared to the average productivity at the actual scale of production to measure scale efficiency.
VI. DATA Selection of inputs and outputs and number of DMUs is one of the core difficulties in developing a model and in preparation of the data. In this brief review, we will focus on the managerial reasoning for selection of input and output factors. To avoid imbalance in data one of the best ways is to have them at the same or similar magnitude. A way of making sure the data is of the same or similar magnitude across and within data sets is to mean normalize the data.
While inputs and outputs are easily identified in most businesses, that is hardly the case in banking. Even today, there is no unanimous agreement on the identification and determination of bank's inputs and outputs. In the banking theory, literature, there are two main competing approaches with respect to the measurement of inputs and outputs of a bank, namely the production and intermediation approaches (Sealey and Lindley, 1977) .
Under the production approach pioneered by Benston (1965), a financial institution is defined as a producer of services for account holders, that is, they perform transactions on deposit accounts and process documents such as loans. Hence, both loans and deposits are treated as outputs. The intermediation approach, on the other hand, assumes that financial firms act as an intermediary between savers and borrowers and conceives total loans and securities as outputs, whereas deposits along with labour and physical capital are defined as inputs. Although the intermediation approach is widely used in different empirical studies, neither approach is completely satisfactory due to the controversy over treatment of deposits as input or output. According to Berger and Humphrey (1997) , the production approach might be more suitable for branch efficiency studies, whereas the intermediation approach is best suited for measuring bank efficiency. This is because at most time's bank branches process customer documents and bank funding, while investment decisions are not under the control of branches. The target group of this research is not the separate branches, but the performance of the whole bank, which (Freixas and Rochet (1997)) confirms the use of intermediation approach. For the purpose of this study, a variation of the intermediation approach or asset approach originally developed by Sealey and Lindley (1977) is adopted in the definition of inputs and outputs used.
The choice of inputs and outputs is guided by choices made in previous studies as well as the availability of data. In the current study, three inputs and two outputs have been used. The input vectors are (x 1 ) Total Deposits, (x 2 ) Fixed Assets and Operating Expenses(x 3 ) while (y 1 ) Total Loans, which includes loans to customers and other banks and (y 2 ) Investments are the output vectors. In this approach, deposits are not covered as an independent output; instead they are treated only as a conduit to generating loans. Higher deposits would indicate that banks are not pushing loans adequately. In most banking systems, bank investments (in addition to loans) are also considered as a legitimate output. The interest expenses are not included as an input because there is bound to be collinearity between the deposits and interest expenses. Moreover, the interest rates are not independently decided by the banks, but are regulated by the Reserve Bank of India. Since, banks are not typical manufacturing units; the investment in fixed assets should be reduced to the necessary minimal. In India, the investment by banks is no longer restricted to Government securities only. A bank can make equity investments in subsidiaries and other entities that are engaged in financial services together with equity investments in entities engaged in non-financial services, activities, though it should not exceed 20 percent of the bank's paid-up share capital and reserves. Hence, it is a significant output of the banking sector. 
VII. OUTPUT TABLES

VIII. RESULT & DISCUSSION
Selection of inputs and outputs and number of DMUs is one of the core difficulties in developing a model and in preparation of the data. In this brief review, we will focus on the managerial reasoning for selection of input and output factors. To avoid imbalance in data one of the best ways is to have them at the same or similar magnitude. A way of making sure the data is of the same or similar magnitude across and within data sets is to mean normalize the data.
The efficiency score of a DMU states the efficiency of the DMU in utilizing the inputs to generate the outputs in comparison with other DMUs. Since we are using an input oriented model, the major aim is to decrease inputs as much as possible, keeping the output either constant or increasing it, if possible. The banks with an efficiency score of 1 indicate that the inputs cannot be further decreased in their case and if it is decreased, it will always have a negative impact on the output. The banks with an efficiency score of less than 1 indicate that there is still scope for improvement and keeping the output constant the inputs can be further reduced thus the efficiency of the firm can be increased.
The input oriented technical efficiency of the different banks is depicted in Table I . Sample output from Lingo software for first DMU (Allahabad Bank) for year 2011 is shown in Appendix A. Each efficiency score indicates the factor by which the inputs can be reduced, i.e., the present input variables have to be multiplied by the VRS efficiency factor to get the optimal input when the bank operates at its peak technical efficiency. The analysis of a 10 year time-horizon we considered, shows that City Union Bank Ltd., I C I C I Bank Ltd., I D B I Bank Ltd., State Bank of India and State Bank Of Travancore have proved to be efficient over all the years as compared to the other banks included in the study. They have been able to make the optimal utilization of the input consistently throughout the period. They have set examples for others to replicate. They have been able to convert most of their deposits into loans and investment and have been successful in minimizing their operating cost and investment in fixed assets. Development Credit Bank Ltd., Dhanlaxmi Bank Ltd., Karnataka Bank Ltd., Kotak Mahindra Bank Ltd., Lakshmi Vilas Bank Ltd. and Oriental Bank of Commerce have also fared well over the decade included in the study.
Eight banks, namely Allahabad Bank, Central Bank Of India, Dena Bank, I N G Vysya Bank Ltd., Punjab National Bank, Union Bank of India., Vijaya Bank and Indian Overseas Bank has not been able to match their competitors in any of the 10 years included in the study. They have not been able to utilize the inputs to their fullest. Detailed analysis of the efficiency scores along with their corresponding weights reflects the specific benchmark efficient banks in each of the inefficient banks in each year. These banks need to replicate the strategies adopted by the other efficient banks so as to convert deposits into loans and investments. The detailed analysis shows the optimal value as well as slackness in respect of input utilisation (refer Appendix A).
The year 2005 seemed to be the worst of the lot wherein only two banks other than the initially mentioned five efficient banks would make optimal utilization of the inputs as compared to the other players in the banking sector. The year 2003 proved to be the best year out of the 10 years included in the study wherein a total of 18 banks out of the 36 banks attend an efficiency score of 1.
The trend shows that the number of banks attaining an efficiency score of 1 decreased over time. This is attributable to the fact that there has been an increase in the number of banks and the other avenues that have emerged who are providing easy loans to the borrowers like the gold loans, the private finance companies and the micro finance companies. The tedious legal formalities that the borrowers have to go through in applying and getting a bank loan sanctioned is also acting as a deterrent.
Out of the multiple banks, which have been proved to be efficient each year, we had tried to identify the most efficient one by the super-efficiency analysis. These super efficiency sores among all efficient banks has been represented in Table II . The analysis highlights IDBI bank to be the most efficient for 9 out of the 10 years included in the study. Only in 2011, Development Credit Bank Ltd. has emerged as the super-efficient bank. IDBI Bank Ltd. is a Universal Bank with its operations driven by a cutting edge core Banking IT platform. The Bank offers personalized banking and financial solutions to its clients through its large network of branches, ATMs spread across the length and breadth of India. Though it is a public bank, it has kept pace with the private sector banks in modernization and technology. Being a government owned bank, it has the confidence of the population. It has transparent procedure which leads to more people approaching them for deposits and loan. Being a universal bank, it also engages in developmental activities to provide finance at concessional rates to the priority sectors like SME finance and agricultural finance as well. It has adopted appropriate strategies to mitigate the entire range of risks, effectively cope with the challenges and capitalize on the emerging opportunities by participating effectively in the country's growth process. It is also in the process of setting up overseas branches and representative offices for exploiting emerging global opportunities.
IX. LIMITATIONS
In our research paper, we have applied DEA to Indian banks considering banking sector homogeneous, though ownership wise they are heterogeneous in nature. Keeping in mind the constraints of DEA choice of input and output variables is very crucial as correlated variables 
